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IMAGE DISPLAY APPARATUS WITH FIRST
AND SECOND SUBSTRATES IN A
HERMETIC CONTAINER SEALED BY A
CONDUCTIVE BONDING MEMBER
THEREBETWEEN

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to an 1image display appa-
ratus and a manufacturing method thereof.

2. Related Background Art

An 1mage display apparatus using eclectrons requires an
envelope unit for keeping a vacuum atmosphere, an electron
source for emitting the electrons, a drive circuit thereof, an
image forming member including a fluorescent material that
emits the light upon 1impingement of electrons, an accelera-
tion electrode for accelerating the electrons toward the
image forming member, and a power source thereof. Further,
in an 1mage forming apparatus employing a flat envelope
unit as in the case of a thin type image forming apparatus,
there might be a case where support columns are used as an
atmospheric pressure resistant structured body.

Two types of electron emission elements such as a hot-
cathode element and a cold-cathode element have hitherto
known as the aforementioned electron emission elements.
What 1s known as the cold-cathode element of these two
types may be, for instance, a field emission type element
(which will hereinafter be abbreviated to FE type), a metal/
insulation layer/metal type emission element (which will
hereinafter be abbreviated to MIM type) and a surface
conduction type emission element.

FIG. 7 1s a perspective view showing one example of a
display panel unit configuring a flat type image forming
apparatus, wherein a part of the panel 1s cut ofl 1n order to
have 1its internal structure viewed.

Referring to FIG. 7, there are illustrated a rear plate
designated by the numeral 3115, an external frame 3116 and
a face plate 3117. The rear plate 3115, the external frame
3116 and the face plate 3117 configure an envelope unit (a
hermetic container) for keeping an interior of the display
panel 1n vacuum. A substrate 3111 1s fixed to the rear plate
3115. (NxM) pieces of cold-cathode elements 3112 are
formed on this substrate 3111 (N and M are positive integers
of 2 or larger and are properly set corresponding to a desired
number of pixels). Further, the (NxM) pieces of cold-
cathode elements 3112 are, as shown i FIG. 7, wired by

M-pieces of line-directional wires 3113 and N-pieces of
row-directional wires 3114. A unit constructed of the sub-
strate 3111, the cold-cathode elements 3112, the lie-direc-
tional wires 3113 and the row-directional wires 3114, 1is
called a mult1 electron beam source. Moreover, an imnsulating
layer (not shown 1s formed between these two types of wires
leastwise at an intersection between the line-directional wire
3113 and the row-directional wire 3114, whereby the electric
insulation 1s kept. A fluorescent screen 3118 composed of
fluorescent materials 1s formed on the underside of the face
plate 3117, and phosphors (not shown) in three primary
colors such as red (R), green (G) and blue (B) are separately
coated thereon. Further, black substances (not shown) are
provided between the respective color fluorescent materials
configuring the fluorescent screen 3118, and a metal-backed
member 3119 composed of Al, etc. 1s formed on the surface,
on the side of the rear plate 3115, of the fluorescent screen
3118.

The symbols Dx1 to Dxm, Dy1 to Dyn and Hv represent
hermetically-structured electric connection terminals pro-
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vided for electrically connecting the display panel described
above to an electric circuit (not shown). The terminals Dx1
to Dxm electrically connect to the line-directional wires
3113 of the mult1 electron beam source, the terminals Dyl
to Dyn electrically connect to the row-directional wires 3114
of the multi electron beam source, and the terminal Hv to the
metal-backed member 3119, respectively.

Further, an interior of the hermetic container 1s kept 1n
vacuum on the order of 10-6 Torr. A means for preventing
the rear plate 3115 and the face plate 3117 from being
deformed or broken die to a pressure diflerence between the
interior of the hermetic container and the exterior, 1s needed
as a display areal size of the image display apparatus
increases. A method based on thickening the rear plate 3115
and the face plate 3117 causes an increase in weight of the
image display apparatus and also an 1mage distortion and a
parallax when viewed 1n an oblique direction. By contrast,
referring to FIG. 7, there 1s provided a structure sustaining
member (which 1s known as a spacer or a rib) 3120,
constructed of a comparatively thin glass plate, for sustain-
ing the atmospheric pressure. Thus, the substrate 3111
formed with the mult1 electron beam source and the face
plate 3117 formed with the fluorescent screen 3118, are
spaced normally sub-millimeters through several millime-
ters, and, as described above, the interior of the hermetic
container 1s kept i high vacuum.

In the image display apparatus employing the display
panel explained above, when a voltage 1s applied to the
respective cold-cathode elements 3112, via the ofl-container
terminals Dx1 to Dxm and Dy1 to Dyn, electrons are emitted
from the respective cold-cathode elements 3112. Simulta-
neously, a voltage as high as several hundreds of volts (V)
through several kilovolts (kV) 1s applied to the metal-backed
member 3119 via the off-container terminal Hv, and the
emitted electrons are accelerated and thus made to impinge
on the internal surface of the face plate 3117. The color
fluorescent materials configuring the tluorescent screen 3118
are thereby excited and become luminous, thus displaying
an 1mage.

Without being limited to the image display apparatus
utilizing the electron emitting elements, there are known an
image display apparatus employing electroluminescence
clements and an 1image display apparatus known as a plasma
display. Any type of image display apparatus includes an
envelope unit that accommodates the display elements
inside.

It 1s eflective that a low melting point metal, etc. 1s used
as a connecting member (serving for at least one of bonding
and a hermetic connection) for connecting the substrate and
the external frame which structures this envelope unait.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there 1s
provided an image display apparatus which comprises a
hermetic container including, as constructive members, a
first substrate and a second substrate opposite to each other,
and an 1mage display means disposed within the hermetic
container, wherein a conductive bonding member for sealing
the first substrate and the second substrate 1s disposed
between the first substrate and the second substrate, and an
clectric potential of the conductive bonding member 1is
specified.

According to another aspect of the present invention,
there 1s provided an 1image display apparatus which com-
prises first and second substrates opposite to each other, an
external frame positioned between the first substrate and the
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second substrate, a first conductive member positioned
between the external frame and the first substrate, and a
second conductive member positioned on a surface other
than a surface (which will heremafter be called as an
opposite surface), opposite to the first substrate, of the
external frame and connected to the first conductive mem-
ber, wherein an electric potential of the first conductive
member 1s specified with the second conductive member
serving as an electric path.

According to a further aspect of the present invention, a
method of manufacturing an image display apparatus having,
a hermetic container including, as constructive members, a
first substrate and a second substrate opposite to each other,
and a 1image display means disposed within the hermetic
container, which comprises a step of disposing a conductive
bonding member between the first substrate and the second
substrate, and sealing the first substrate and the second
substrate by heating the conductive bonding member, and a
step ol specilying an electric potential of the conductive
bonding member.

According to still another aspect of the present invention,
a method of manufacturing an image display apparatus
having a first substrate, a second substrate and a external
frame provided between the first substrate and the second
substrate, which comprises a connecting step ol connecting
the first substrate and the external frame to each other,
wherein this connecting step includes a step of disposing a
connecting material for connecting the first substrate and the
external frame to each other on or in leastwise one of a
surface (which will hereinafter be called an opposite sur-
face), opposite to the first substrate, of the external frame
and an areal (which will heremnafter be called an opposite
area), opposite to the opposite surface, of the first substrate,
and a heating step of connecting the first substrate and the
external frame to each other through the connecting material
by heating the connecting material 1n a state where the
connecting material 1s positioned between the first substrate
and the external frame, and leading the connecting material
softened by heating to a surface other than the opposite
surface of the external frame, wherein the connecting mate-
rial assumes a conductivity 1 a state where at least the
heating step has finished.

An object of the present invention 1s to provide the image
display apparatus capable of stably performing a drive
display and a manufacturing method thereof.

Another object of the present invention 1s to actualize a
construction preferable to specitying the electric potential of
the conductive connecting member.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

FIG. 1 1s a view of a structure of a display panel of the
present mvention, illustrating the example 1;

FIG. 2 1s an explanatory partial view showing a way of
assembling, 1llustrating the example 1;

FIG. 3 1s an explanatory partial view showing the way of
assembling, 1llustrating the example 1;

FIGS. 4A and 4B are partial sectional view sof the display
panel, i1llustrating the example 1;

FIG. 5 1s a perspective view illustrating an example 2;

FIGS. 6A, 6B and 6C are partial sectional views of the
display panel, 1llustrating the example 2; and

FI1G. 7 1s a perspective view of a display panel, with some
portions cut ofl, of a conventional flat type 1image display
apparatus.
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4
DESCRIPTION OF THE PREFERRED
EMBODIMENTS

According to the present invention, an image display
apparatus has a hermetic container including, as constructive
members, a first substrate and a second substrate opposite to
cach other, and an 1image display unit disposed within the
hermetic container,

wherein a conductive bonding member for sealing the first
substrate and the second substrate 1s disposed between the
first substrate and the second substrate, and an electric
potential of the conductive bonding member 1s specified.

In the aforementioned image display apparatus, 1t 1s
preferable that the conductive bonding member extends
from a sealing area onto the surface of one of the first
substrate and the second substrate outwardly of the hermetic
container.

According to the present mmvention, an image display
apparatus has a hermetic container including, as constructive
members, a first substrate and a second substrate opposite to
cach other, and an external frame disposed between the first
substrate and the second substrate, and an 1mage display unit
disposed within the hermetic container, wherein a conduc-
tive bonding member for sealing one of the first and second
substrates and the external frame 1s disposed between one of
the first substrate and the second substrate and the external
frame, and an electric potential of the conductive bonding
member 15 specified.

In the above 1mage display apparatus, 1t 1s preferable that
the conductive bonding member extends from a sealing area
onto the surface of one of the first substrate and the second
substrate outwardly of the hermetic container.

In the above 1image display apparatus, 1t 1s preferable that
the conductive bonding member extends from a sealing area
onto the surface of the other of the first substrate and the

second substrate outwardly of the hermetic container.

Further, according to the present invention, an image
display apparatus has first and second substrates opposite to
cach other, an external frame positioned between the first
substrate and the second substrate, a first conductive mem-
ber positioned between the external frame and the first
substrate, and a second conductive member positioned on a
surface other than a surface (which will hereinatter be called
an opposite surface), opposite to the first substrate, of the
external frame and connected to the first conductive mem-
ber, wherein an electric potential of the first conductive
member 1s specified with the second conductive member
serving as an electric path.

Further, according to the present invention, a method of
manufacturing an image display apparatus having a hermetic
containing including, as constructive members, a first sub-
strate and a second substrate opposite to each other, and an
image display unit disposed within the hermetic container,
includes a step of disposing a conductive bonding member
between the first substrate and the second substrate, and
sealing the first substrate and the second substrate by heating
the conductive bonding member, and a step of specilying an
clectric potential of the conductive bonding member.

In the method of manufacturing the 1image display appa-
ratus, it 1s preferable the electric potential specitying step 1s
a step ol connecting the conductive bonding member to a
conductive member provided on the first substrate or the
second substrate.

Further, in the method of manufacturing the image display
apparatus, 1t 1s preferable that the electric potential specity-
ing step 1s a step of connecting the conductive bonding
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member soitened by heating 1n the sealing step to a con-
ductive member provided on the first substrate or the second
substrate.

Further, according to the present invention, a method of
manufacturing an image display apparatus having a hermetic
containing including, as constructive members, a first sub-
strate and a second substrate opposite to each other, and an
external frame disposed between the first substrate and the
second substrate, and an 1mage display unit disposed within
the hermetic container, includes a step of disposing a con-
ductive bonding member between the first substrate and the
second substrate, and sealing the first substrate and the
external frame by heating the conductive bonding member,
and a step of specilying an electric potential of the conduc-
tive bonding member.

Further, in the method of manufacturing the image display
apparatus, 1t 1s preferable that the electric potential specity-
ing step 1s a step of connecting the conductive bonding
member to a conductive member provided on the first
substrate or the second substrate disposed opposite to the
first substrate.

Further, 1n the method of manufacturing the image display
apparatus, 1t 1s preferable that the electric potential specity-
ing step 1s a step of connecting the conductive bonding
member softened by heating in the sealing step to a con-
ductive member provided on the first substrate or the second
substrate disposed opposite to the first substrate.

According to the present invention, a method of manu-
facturing an 1mage display apparatus having a first substrate,
a second substrate and a external frame provided between
the first substrate and the second substrate, includes a
connecting step of connecting the first substrate and the
external frame to each other, and this connecting step
includes a step of disposing a connecting material for
connecting the first substrate and the external frame to each
other on or in leastwise one of a surface (which will
hereinafter be called an opposite surface), opposite to the
first substrate, of the external frame and an areal (which will
heremnafter be called an opposite area), opposite to the
opposite surface, of the first substrate, and a heating step of
connecting the first substrate and the external frame to each
other through the connecting material by heating the con-
necting material 1n a state where the connecting material 1s
positioned between the first substrate and the external frame,
and leading the connecting material softened by heating to
a surface other than the opposite surface of the external
frame, wherein the connecting material assumes a conduc-
tivity 1n a state where at least the heating step has finished.
Particularly, it 1s preferable that the connecting material 1s
led to such a position as to be capable of being conductive
to an electrode provided on the second substrate by leading,
this connecting material to the surface other than the oppo-
site surface of the external frame. The electrode provided on
the second substrate may also be provided beforehand or
provided after the heating step connoted herein.

In the case of using the conductive connecting member
such as a low melting point metal, etc. as the connecting
member (serving for at least one of bonding and a hermetic
connection) for connecting the substrate and the external
frame which structures this envelope unit (the hermetic
container) containing the image display means of the image
display apparatus, there might be a case where the electric
potential of the connecting surface changes as it 1s 1ntlu-
enced by a change in outside condition( such as static
clectricity, etc.) of the envelope unit. One of factors given
herein 1s that a part of the connecting member 15 exposed to
the outside air. Further, there might be a case 1n which the
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6

clectric potential of the connecting member changes depend-
ing on a state of internal operation of the envelope unit. One
of factors given herein 1s an influence of the electric poten-
tial of the electrode inside the envelope unit. To give a
concrete example, this can be exemplified such that the
external frame 1s electrified due to impingement, etc. of
scattered electrons, and the electric potential of the connect-
ing member fluctuates in the 1image display apparatus which
utilizes jumping of the electrons within the envelope unait.

According to the present invention discussed above, 1t 1s
possible to provide the image display apparatus capable of
stably performing the drive display and the manufacturing,
method thereof. Further, according to the present invention
discussed above, 1t 1s feasible to actualize the construction
preferable to specilying the electric potential of the connect-
ing member (the conductive connecting member).

Especially, 1t 1s possible to actualize the structure capable
of facilitating electrical lead-outs from the connecting mem-
bers (the conductive connecting members) for specifying the
clectric potentials and also the construction capable of easily
specilying the electric potentials.

Embodiments

According to the present invention, a first conductive
member 1s positioned between an external frame and a first
substrate, and a second conductive member 1s positioned on
a surface other than a surface, facing to the first substrate, of
the external frame and 1s at the same time connected to a first
conductive material. Namely, according to this configura-
tion, an electric path to the first conductive member 1s
formed, e.g., on the side surface of the external frame.
Unlike the configuration of the present invention, 1f a leader
of the first conductive member 1s provided on the first
substrate, this arrangement must involve wiring on the first
substrate and connecting this wire to the first conductive
member, and hence there arise problems in which the
processes ol manufacturing the image display apparatus
become complicated on the whole, and the first substrate has
a restraint 1 size. According to the configuration of the
present invention, however, the second conductive member
1s further connected to, e.g., an electrode of the second
substrate, and an electric potential 1s specified from the
second substrate, whereby formations of minute wires, efc.
can be concentrated on the second substrate and the image
display apparatus as a whole can be easily manufactured at
a low cost.

The first substrate and the second substrate involve the
use of, for example, a soda-lime glass material.

Metals such as In, Al, Cu, Au, Ag, Pt, Ti, N1 or alloys
thereol can be utilized for the first conductive member. In
the normal configuration, the first conductive member 1s a
member that bonds the first substrate and the external frame
together or a member that hermetically connects the first
substrate and the external frame to each other. Accordingly,
a preferable material 1s a metal having a low melting point
that 1s equal to or lower than 400° C., and especially In 1s
preferable.

The external frame positioned between the first substrate
and the second substrate facing each other can involve the
use of an msulator or a high resistor as a material, and, as in
the case of the first substrate and the second substrate, for
instance, the soda-lime glass material 1s preferable.

The second conductive member i1s positioned on the
surface other than the surface (the opposite surface), facing
to the first substrate, of the external frame and 1s a state of
being electrically connected to the first conductive member.
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Both of the surfaces, facing the fist substrate and the second
substrate, ol the external frame, are flat 1n the normal
configuration. Hence, (the surface other than the opposite
surfaces) 1s, in the configuration of the normal external
frame, a side surface between the surface facing the first
substrate and the surface facing the second substrate. The
side surface 1s not necessarily configured by one flat surface
and may 1nclude a case of 1ts being configured by a curvi-
linear surface or combining a multiplicity of flat surfaces.

The general configuration 1s, however, rectangular 1n section
as 1illustrated in FIGS. 4A and 4B.

Further, the second conductive member may be posi-
tioned on either an outer side surface (exposed to the outside
air) of the external frame or an inner side surface (kept 1n
vacuum) of the external frame. According to the construc-
tion of the normal image display apparatus, however, the
installing position of the electrode, for speciiying the elec-
tric potential, provided on the second substrate is restrained
in terms of a size of the display unit and an installing area
for wiring, etc., and it 1s therefore preferable that the second
conductive member be positioned on the outer side surface
of the external frame.

Moreover, the second conductive member can be easily
manufactured and hence it 1s preferable from this point that
the same material of the first conductive member be used,
and, as will be explained later on, the sagging of the first
conductive member can be used, however, the second con-
ductive member may differ from the material of the first
conductive member. Further, the second conductive member
can be also formed by mixing the first conductive member
with other members.

The first substrate may be a substrate positioned closer to
the user (1.e., on an 1mmage viewing side) than the second
substrate. Accordingly, the electric potential of the second
conductive member 1s specified by the second substrate, and
hence the user has no necessity of specifying the electric
potential.

A plurality of wires for dniving the display elements can
be distributed on the second substrate, and therefore the
clectric potential of the first conductive member can be
specified on the side of the second substrate.

Each of the first and second substrates takes a plate-like
shape, and there 1s no restriction about an external shape of
its main surface. Normally, however, at least any one of the
first and second substrates 1s a plate of which the external
shape 1s substantially rectangular. The external frame 1s
provided in a shape substantially conforming with this
external rectangular shape of the substrate or provided
substantially in conformity with a shape into which the
above rectangular shaped i1s reduced mmwards. Namely, as
shown 1n FIG. 7 explained 1n the prior art or FIGS. 1 and 5
that will be 1llustrated in detail later on, the general frame 1s
a square-shaped frame (both of the inside and the outside of
the external frame are rectangular). Further, the wire to, e.g.,
the electron source of the image display apparatus 1s led out
towards mainly the side of the rectangular substrate, and
consequently there exists, at a corner of the rectangular
substrate, a space allowance for providing the electrode for
specilying the electric potential in many cases. Hence,
according to one mode of the present invention, 1t 1s prei-
erable that the second conductive member be positioned at
the corner, particularly on the outer side surface of the corner
of the external frame. Thus, 1t 1s preferable that the second
conductive member be formed not over the entire surface
other than the opposite surface of the external frame but
partially on the surface other than the opposite surface.
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Further, a method of manufacturing the image display
apparatus including the first substrate, the second substrate
and the external frame provided between these substrates
has a connecting process of connecting the first substrate and
the external frame to each other. The above connecting
process can include a process of disposing, on at lest one of
the first substrate and the external frame, a connecting
material for connecting the first substrate and the external
frame to each other, and a heating process of heating the
connecting material 1n a state where the connecting material
1s position between the first substrate and the external frame,
connecting the first substrate and the external frame together
through the connecting material, and leading the connecting
material softened by heating to the surface other than the
surface, facing the first substrate, of the external frame.

The connecting material may suflice if it exhibits a
conductivity 1n a state where at least the heating process has
been finished. For instance, the metal having the melting
point that 1s as low as 400° C. or lower, which has been
described by way of the atorementioned first conductive
member, 1s employed, and In 1s preferably used. Further, in
addition, oxide metal series can be also used as those
exhibiting the conductivity in the state where the heating
process has been finished.

The method of heating the connecting material 1n the
heating process 1s also capable of heating by electrifying it
the connecting material 1s conductive, however, 1t 1s prei-
crable that other heating method be employed in combina-
tion even 1n the case of utilizing the electrification heating.
A preferable heating method involves heating based on
radiation of electromagnetic waves or heating based on heat
conduction from a heat source or these two heating methods
in combination.

Moreover, for leading the connecting material to the
surface other than the opposite surface in a desired position,
there can be exemplified a method (1) of optimizing a coating,
profile and a coating quantity of the connecting material, and
a method (11) of processing at least one of the external frame
and the first substrate.

The connecting material 1s so provided as to normally
make a round of the external frame 1n a way that extends in
line within at least one of the interior of the opposite surface
ol the external frame and the interior of the opposite area of
the first substrate. According to the method (1) of optimizing
the coating profile and the coating quantity of the connecting
material, however, 1t 1s preferable that the connecting mate-
rial be disposed in (the portion for leading it to the surface
other than the opposite surface of the external frame) so that
a line width of the connecting material 1s widened, and this
widening portion spreads out towards (the leading portion).
Namely, 1n (the leading portion), as for the connecting
material disposed along the external frame, 1t 1s preferable
that a distance between the connecting material and a
boundary of the opposite surface be shorter than other
portions, and, as for the connecting material disposed on the
first substrate, t 1s preferable that a distance between the
connecting material and a boundary of the opposite area be
shorter than other portions.

In the case of leading the connecting material at the corner
to the surface other than the opposite surface of the external
frame, there can be exemplified a method of coating the
connecting material on at least one of the external frame and
the first substrate, preferably on both of them so as to form
a pointed protruded portion in a shape conforming with the
shape of the external frame at the cormer of the external
frame. In the case of coating the connecting material on both
of the external frame and the first substrate, the connecting
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material coated on the external frame and the connecting
material coated on the first substrate are integrally bonded
by heating, and an extra bonding member flows out of the
protruded portion for the first time, whereby the position for
leading the connecting material to the surface other than the
opposite surface of the external frame can be controlled.

Further, (in the portion for leading to the surface other
than the opposite surface of the external frame), i1t 1s
preferable that the quantity of the connecting material to be
disposed be made larger than 1n other portions.

Moreover, a method of disposing an easy aflinity member
(in the portion for leasing to the surface other than the
opposite surface of the external frame) can be given as the
method (11) of processing at least one of the external frame
and the first substrate 1n order to lead the connecting material
to the surface other than the opposite surface in the desired
position. Herein, the easy aflinity member 1s what a surface
tension between the easy aflimty member and the softened
connecting material 1s smaller than a surface tension
between a surface vicinal to the easy aflinity member and
provided with no easy aflinity member and the soitened
connecting material. The connecting material can be led to
the surface other than the opposite surface of the external
frame 1n the desired position by disposing the easy aflinity
member on the surface (which 1s normally the side surface)
other than the opposite surtface of the external frame, this
surface being the portion to which the connecting material 1s
actually to be led.

EXAMPLES

The present invention will hereinafter be discussed in
greater detail by way of examples.

Example 1

A concrete explanation will be given with reference to
FIGS. 1 through 3 and 4A and 4B. FIG. 1 schematically
shows one example of a panel structure according to the
present invention. FIGS. 2 and 3 show explanatory enlarged

exploded views of a left lower portion, showing a method of

manufacturing the panel having the structure shown 1n FIG.
1. FIG. 2 shows a state before a face plate 101 1s bonded to
a rear plate 103. FIG. 3 shows a state after the face plate 101
has been bonded to the rear plate 103 by use of a bonding
member. FIGS. 4A and 4B are explanatory exploded sec-
tional view showing the method of manufacturing the panel
having the structure shown i FIG. 1. FIG. 4A 1s the
sectional schematic view 1llustrating a state before the face
plate 101 1s bonded to the rear plate 103. FIG. 4B 1s the
sectional schematic view illustrating a state after the face
plate 101 has been bonded to the rear plate 103.

Next, the specific structure will be explained 1n greater
detail. The face plate 101 1s composed of a soda-lime glass
material including an 1mage forming member formed of a
phosphor that becomes luminous by electrons emitted from
an electron source. The numeral 102 represents an 1mage
forming area. The rear plate 103 serves as a substrate for
forming the electron source and 1s a plate 1n which surface
conduction type electron emitting elements disclosed 1n
Japanese Patent Application Laid-Open No. 7-235235 are
arrayed 1n matrix. The rear plate 103 1involves the use of the
same glass material as that of the face plate 101.

As shown 1n FIG. 2, the electron source area 201 1s so
configured as to be laid out 1n a position that faces an image
forming area 102. An external frame 202 1s disposed
between the face plate 101 and the rear plate 103 and 1s
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formed by working 1n a frame-like shape the same glass
maternial as the face plate 101 and the rear plate 103 are
composed of. The external frame 1s fixedly bonded to the
rear plate 103 by use of a irit 203, and this frit (LS3081)
utilized 1n this example 1 1s made by Nippon Electric Glass
Co., Ltd. A bonding member 204 1s composed of In and
coated over an upper surface of the external frame 202. In
this example 1, In 1s adopted as a connecting material having
both of a bonding function and a hermetic connecting
function. An insulation area 203 ensures a creepage distance
in order to secure a withstand voltage, and a base material
200 1s a material (such as Ag, Cu, In, Au, N1, T1, etc.) capable
enhancing bondability of the bonding member. A bonding
member 206 1s formed by coating the in material over the
surface, on the side of the image forming area, of the face
plate 103 1n a position opposite to the bonding member 204.
A coating width of each of the face plate 101 and the rear
plate 103 1s set narrower than a width of the external frame
202 excluding the corner portions inconsideration of sagging
on the occasion of bonding the face plate 101 and the rear
plate 103 together by heating them up to a melting point of
the bonding member (a manufacturing method thereof wall
be explained later on). As shown 1n FIGS. 4A and 4B, at the
corner, when bonding the face plate 101 and the rear plate
103 to each other by heating them, the materials of the
bonding member 204 and of the bonding member 206 are
bonded together and overhang as sagging in a form that
extends along the shape of the external frame 202. The
pointed overhang becomes an origin from which an extra
material of the molten bonding members 204 and 206
bonded together tlows first. Further, a thickness of each of
the bonding member A204 and the bonding member B206 1s
adjusted not to protrude from the external frame 202 exclud-
ing the corners when bonding the face plate 101 and the rear
plate 103 to each other. The bonding members protruding
from the corners reach the rear plate via the outer side
surfaces of the external frame and come into contact with
potential specitying electrodes 106 formed at the four cor-
ners of the rear plate 103. A proper electric potential (e.g., a
ground level) 1s applied to this potential specitying elec-
trode, whereby an electric potential of the bonding member
206 of the face plate 101 can be specified on the side of the
rear plate 103.

Accordingly, in this mode, the materials of the bonding
member 204 and of the bonding member 206 are bonded
into one umted body, the portion positioned between the
external frame and the first substrate at that time becomes
the first conductive member, and the portion protruding from
the opposite surface and formed on the outer side surface
along the external frame 202 corresponds to the second
conductive member. According to this example 1, the sag-
ging portion of the same connecting material as that of the
first conductive member becomes the second conductive
member, and hence it 1s preferable that the second conduc-
tive member be composed of the same maternial as that of the
first conductive member.

Further, 1n the example 1, the potential specilying elec-
trodes 106 are formed at the four corners on the rear plate
103, and the second conductive member 1s connected to
these electrodes 106. This 1s because 1t was preferable that
the potential specitying electrodes be provided in the posi-
tions of the four corners as spaces available 1n positions in
terms of a pattern of lead-out wiring 104 for a modulation
drive or lead-out wiring 105 for a scan drive. If the potential
specilying electrodes are, however, without being limited
particularly to the corners, formed not at the corners but on
the sides 1n a way that gives a contrivance to, e.g., the pattern
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of the lead-out wiring 104 for the modulation drive or the
lead-out wiring 105 for the scan drive, the second conduc-
tive members can be provided in positions corresponding
thereto. Moreover, 1n this example 1, the second conductive
members are disposed 1n the four places (i1.e., the four
corners), however, the second conductive member may be
disposed 1n at least one place without being limited to the
four places.

Note that a large atmospheric pressure sustaining spacer
can be disposed in the case of creating a panel having a large
areal size.

Next, the processes ol manufacturing and bonding the
tace plate 101 and the rear plate 103 will be respectively
explained referring to FIGS. 2 through 4.

The manufacturing process of the face plate 101 will be
described.

To start with, an example of configuring a fluorescent
screen defined as the image forming member will be dis-
cussed. The image forming area 101 1s constructed of
members such as the fluorescent screen (not shown), a
black-striped member and a metal-backed member. The
fluorescent screen can be constructed of only the phosphor
in the case of monochrome. In the case of a color fluorescent
screen, this screen can be constructed of a black conductive
member called a black-striped member or a black matrix
member, of which naming depends on how the phosphors
are arrayed. A purpose of providing the black-striped mem-
ber and the black matrix member lies 1n, 1n the case of a
color display, making a color mixture inconspicuous by
blackening coloring sections between the respective three
primary color phosphors required, and lies 1n restraining a
decline of contrast due to a retlection of the external light on
the fluorescent screen. In addition to normally used mate-
rials of which a main component 1s graphite, materials
exhibiting the conductivity and small quantities of transmis-
sion and reflection of the light, can be used as materials of
the black-striped member.

A method of coating the phosphor on the 1mage forming
area 102 can involve adopting a precipitation method, a
printing method, etc. irrespective of the monochrome and
the color. Normally, the metal-backed member 1s provided
on the inner surface side of the fluorescent screen. The
purpose ol providing the metal-backed member lies in
improving a luminance by causing a mirror reflection of a
beam of light directed to the inner surface among beams of
light emitted from the phosphor towards the face plate 101,
making the metal-backed member function as an electrode
for applying an electron beam acceleration voltage, and
protecting the phosphor from an damage caused by impinge-
ment of negative 1ons generated within the envelope unait.
The metal-backed member can be manufactured by execut-
ing a smoothing process (which i1s normally known as
(filming)) on the surface of the mner surface of the fluores-
cent screen after manufacturing this fluorescent screen and
thereafter depositing Al by the vacuum vapor deposition,
etc.

The manufacturing method of the rear plate 103 wall
hereinafter be explained.

The electron source area 201 1s, as disclosed in Japanese
Patent Application Laid-Open No. 7-2335253, extended up to
the outside of the external frame 202 1n such a form that the
surface conduction type electron emitting elements (not
shown) are arrayed 1n matrix and driven, and the lead-out
wiring 104 for the display-purposed modulation drive and
the lead-out wiring 103 for the scan drive are connected to
wiring distributed 1n the electron source area. The lead-out
wiring 104 for the modulation drive and the lead-out wiring,
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105 for the scan drive are formed on the rear plate 103
through a process of patterning an Ag paste material by the
known printing method and a sintering process. On this
occasion, a potential specitying pattern 1s simultaneously
formed by use of the Ag paste matenal.

Given next 1s an explanation of a process of fixedly
bonding the external frame 202 onto the rear plate 103
formed with the wiring pattern described above by use of the
frit 203. The base material 200 1s formed on the external
frame 202 by use of the Ag paste material that 1s formed by
the known printing method The powder LS 3081 as the frt
material 1s coated by a dispenser device 1 a position for
bonding the external frame 202 on the rear plate 103 and 1s
tentatively sintered (380° C.). Subsequently, the external
frame 202 1s aligned on the tentatively-sintered frit 203 and
1s therealter heated at a final sintering temperature (420° C.).
On this occasion, the external frame 202 1s sunk by applying
a load on the 1rit 203. In this process, the external frame 202
1s fixedly bonded to the rear plate 103 through the frit 203.

Next, the process of bonding the face plate 101 and the
rear plate 103 together will be described.

The face plate 101 and the rear plate 103 are put 1nto a
vacuum chamber capable of heating the unillustrated sub-
strate, performing an alignment (X, Y) and executing inter-
val control. The face plate 101 and the rear plate 103 are
aligned with each other by use of alignment marks (not
shown) formed on the respective plates within the vacuum
chamber. On this occasion, the face plate 101 and the rear
plate 103 are 1n such positions as to be spaced from each
other. In this state, a substrate heating device raises a
temperature of each of the face plate 101 and rear plate 103
t1ll a melting point of each of the bonding member A204 and
the bonding member B206 1s reached. Next, an interval
control device controls an 1nterval by making the face plate
101 and the rear plate 103 proximal to each other so that the
bonding member A204 and the bonding member B206 are
bonded together, and the extra members protrude into the
potential specitying patterns 106 disposed at the four corners
of the rear plate 103. This control 1s to be carefully per-
formed so as not to protrude at the respective sides of the
external frame 202. Thereafter, the substrate temperature
being lowered, the face plate 101 and the rear plate 103 are
bonded into a container. Thereafter, the container 1s taken
out of the vacuum chamber into the atmosphere, thereby
completing a vacuum hermetic container in which the inte-
rior of this container encompassed by the face plate 101, the
rear plate 103, the external frame 202, the bonding member
A204 and the bonding member B206 1s kept in vacuum.

Next, a bonding state of the corner portion in the bonding
process described above will be explained.

As 1llustrated 1n FIG. 4A, 1n the aligning state within the
vacuum device, the face plate 101 and the rear plate 103 are
in the state of being spaced from each other, and the bonding
member A206 and the bonding member B204 are 1n their
initial coating positions. Subsequently, upon entering the
bonding process within the vacuum device, as shown i FIG.
4B, the bonding member A206 and the bonding member
B204 are connected to each other, and the extra members
protrude from the positions of the four corners, flow along
the external frame 202 and the int 203 and reach the
potential specilying patterns 106, whereby the bonding
members are thus bonded (107). The bonding members, just
when protruding, have previously been bonded to the exter-
nal frame 202 and to the face plate 101.

Thereatter, as the temperature 1s lowered, as shown 1n
FIG. 1, the bonding members 107 are solidified at the four
corners, thereby forming a structural body. With this struc-
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ture, the potential speciiying patterns 106, the bonding
members 107 and the bonding member A206 of the face
plate 101 become electrically conductive. After being
checked by a continuity tester, it was confirmed that a
continuity through those members 1s attained with a resis-
tance on the order of several ohms (£2).

When this display panel 1s connected to a drive electric
system (not shown), 1t was confirmed that the drive display
can be performed stably without being influenced by dis-
charging, etc.

Example 2

Another example will be described referring to FIGS. 5
and 6A to 6C. FIG. 5 1s a view showing a configuration 1n
which the external frame member 202 1s bonded to the rear
plate 103. FIGS. 6A, 6B and 6C are partially sectional
process explanatory views for illustrating a process of
bonding the face plate 101. Referring to FIGS. 5 and 6A to
6C, a side wall base material 501 1s formed on a side wall
of the comer portion of the external frame 202 1n order to
enhance a wettability, and a corner bonding member 502
serves to make the side wall base material 501 electrically
conductive to the potential specitying pattern 106 formed at
the comer portion of the rear plate 103. Taking the afore-
mentioned point into consideration, the side wall base mate-
rial 501 involves the use of Ag, Cu, In, Au, Ni, 11, etc., and
preferably the Ag paste material 1s used. The corner bonding,
member 302 preferably involves using In. Note that the
example 2 has taken the assembling process in which the
rear plate 103 disposed upwards and the face plate 10
disposed downwards are assembled together.

As shown 1n FIG. 5, the side wall base material 501 1s
formed on the side wall of the external {frame 202. A forming
method 1s that the Ag paste material 1s coated 1n a desired
position to have a thickness of about 10 um and 1s thereafter
heated, the a solvent component of the Agg paste 1s
removed, and cooling 1s eflected, thereby forming the side
wall base material 501. A variety of heating/cooling condi-
tions are selected. Note that though not described in depth in
this example 2, the same base material 200 as 1n the example
1 1s formed on the surface abutting on the face plate of the
external frame simultaneously when forming the side wall
base material 501.

The completed external frame 202 1s bonded to the rear
plate 103 1n a desired position by use of the frit 203 as 1n the
example 1. In this state, the rear plate 103 and the external
frame 202 fall into a fixed state. In this fixed state, the side
wall base material 501 1s not electrically conductive to the
potential specifying electrode 106. The In material 1s used as
a material of the corner bonding member 502, wherein In 1s
coated by use of an ultrasonic soldering iron to form the
corner bonding member 502. In this state, the corner bond-
ing member 502 1s electrically conductive to the potential
specilying electrode 106.

Next, the bonding state of the corner portion in the
bonding process of the face plate 101 will be explained in
detail with reference to FIGS. 6 A to 6C. The panel assem-
bling process 1s the same as in the example 1.

As shown i FIG. 6A, 1in the aligning state within the
vacuum device, the face plate 101 and the rear plate 103 are
in the state of being spaced from each other, and the bonding
member A206 and the bonding member B204 are in their
initial coating positions. Next, upon entering the bonding
process within the vacuum device, as shown 1n FIG. 6B, the
interval control 1s executed so that a pressure 1s applied onto
the bonding member A206 and the bonding member B204
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simultaneously when connected, with the result that these
bonding members A206 and B204 expand in a gap direction
and connect to the corner bonding member 502 formed
beforechand. Once the bonding members A206 and B204
connect to the corner bonding member 502, these members
are fluid and therefore structured into one united body
without any discontinuity. On this occasion, the electric
conduction can be attained simultaneously. FIG. 6C shows
the state described above.

Thereatter, as the temperature 1s decreased, the bonding
member A206, the bonding member B204 and the comer
bonding member 502 are solidified and thus formed 1nto a
structural body. Simultaneously, the electric conduction
from the potential specifying pattern 106 to the face plate
101 1s attained. After being checked by the continuity tester,
it was confirmed that a continuity through those members 1s
attained with a resistance on the order of several ochms (£2).

Accordingly, 1n this example 2, the first conductive mem-
ber 1s the member positioned between the external frame and
the first substrate after the bonding member A206 and the
bonding member B204 as the connecting materials have
bonded into one united body. Further, the second conductive
member 1s the member into which the bonding member
A206 and the bonding member B204 as the connecting
materials are bonded into one united body and the extra
members protruding therefrom are connected to the corner
bonding member 502.

Note that the side wall base material 501 and the potential
speciiying electrode 106 are, 1f remaining as they solely are,
not electrically conductive but may be made conductive
without being limited. Further, there 1s no limit with respect
to the configuration, the number of formations and the
positions of the formation of the side wall base material 501,
and these elements may be properly selected.

i

The configuration in this example 2 also 1s that the
potential specifying electrodes 106 are formed at the four
corners on the rear plate 103, and the second conductive
members are electrically connected these electrodes 106. 1T
the potential specifying electrodes are formed not at the
corners but on the sides as in the example 1, however, the
positions for providing the second conductive members can
be set corresponding thereto moreover, according to this
example 2, the second conductive members are disposed,
however, it 1s the same as in the example 1 that the second
conductive members may be disposed 1n at least one place
without confined to the four places.

Further, though not discussed in detail, it 1s possible to
utilize the same coating pattern of the connecting material as
in the example 1.

The structure of the example 2 enabled the bonding
members to become conductive stably without being 1ntlu-
enced by the directions of assembling the face plate 101 and
the rear plate 103.

The present mvention discussed above can provide the
image display apparatus and 1ts manufacturing method
capable of performing the drive display with the stability.

Moreover, the present invention discussed above makes it
feasible to actualize the preferable configuration for speci-
tying the electric potentials of the connecting members (the
conductive connecting members). In particular, 1t 1s possible
to actualize the structure capable of facilitating the electrical
lead-outs from the connecting members (the conductive
connecting members) for speciiying the electric potentials
and also the construction capable of easily specitying the
clectric potentials.
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What 1s claimed 1s:

1. An 1mage display apparatus comprising:

a hermetic container including, as constructive members,
a first substrate and a second substrate opposite to each
other, with an electrode having a specified electric
potential, and an external frame disposed between said
first substrate and said second substrate, with said
clectrode disposed on said second substrate and located
outside of said hermetic container;

image display means and wiring for displaying disposed
within said hermetic container:;

a conductive bonding member for sealing said first sub-
strate and said external frame, said bonding member
extending outside of said hermetic container, from a
sealing area between said first substrate and said exter-
nal frame to said electrode to be 1n contact with said
electrode; and

a 1r1t that separates said conductive bonding member from
said wiring for displaying.

2. An image display apparatus according to claim 1,

wherein the electric potential of said electrode 1s specified at
a constant level.

3. An immage display apparatus according to claim 1,

wherein the electric potential of said electrode 1s specified at
a ground level.

4. An 1mage display apparatus comprising:

a hermetic container including, as constructed members,
a first substrate and a second substrate, opposite to each
other, with an electrode having a specified electric
potential, and an external frame disposed between said
first substrate and said second substrate, with said
clectrode disposed on said second substrate and located
outside of said hermetic container;

image display means disposed within said hermetic con-
tainer; and
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a conductive bonding member for sealing said first sub-
strate and said external frame, said bonding member
extending outside of said hermetic container, from a
sealing area between said first substrate and said exter-
nal frame to said electrode to come 1n contact with said
clectrode.

5. An 1mage display apparatus according to claim 4,
wherein the electric potential of said electrode 1s specified at
a constant level.

6. An 1mage display apparatus according to claim 4,
wherein the electric potential of said electrode 1s specified at
a ground level.

7. An 1mage display apparatus comprising;:
a first substrate;

a second substrate with an electrode, which 1s disposed
opposite to said first substrate;

an external frame disposed between said first substrate
and said second substrate, with said electrode disposed
on said second substrate and located outside of said
external frame; and

a conductive bonding member for sealing said first sub-
strate and said external frame, which 1s disposed
between said first substrate and said external frame,

wherein said conductive bonding member extends outside
of said external frame, from an area between said first
substrate and said external frame to said electrode to be
in contact with said electrode.

8. An mmage display apparatus according to claim 7,
wherein at least said first substrate, said second substrate,
said external frame, and said conductive bonding member
form a hermetic container.
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